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Abstract
...
Theaimofthisstudywastoinvestigatethepos-
siblebeneficialeffectsofamburosideA.AMB[4-
(O-/3-D-glycopyranosyl)benzyl protocatechoateJ.
againstcarbontetrachloride(CCI4)toxicityin
rats.AMBisaphenolglucosidefromtheBrazilian
medicinalplantAmburanacearensis.popularly
usedforthetreatmentof respiratorytractaffec-
tions.AcuteAMB(25and50mg/kg.i.p.orp.o.)
treatmentsof CCl4-intoxicatedratssignificantiy
inhibitedtheincreaseinserumaspartateamino-
transferase(ASf) andalanineaminotransferase
(ALT)levels,ascomparedto thegrouptreated
with CCI4only.Histologicalstudiesshowedless
centrolobularnecrosisandinflammatorycellin-
filtratesin theliverofanimaistreatedwithAMB
plusCCI4.whencomparedto thegrouptreated
with CCI4alone.In hepatictissues.AMBatboth
doses inhibited CCl4-inducedthiobarbituric
acid-reactivesubstances(TBARS)formation,in-
dicatingablockadeofCCl4-inducedlipidperoxi-
dation.AMBalsoreversedthedecrementinglut-
athionecontentsofhepatictissuesinCCI4-intoxi-
catedrats.Furthermpre.it restoredcatalaseac-
tivityto normalvalues,whichwassignificantly
increasedafterCCI4treatment.Ourresultsindi-
catethatCCl4-inducedoxidativedamageinhepa-
tic tissuesis reversedby AMB treatment.The
protectiveffectof AMB is probablydueto the
phenolicnatureofthisglucoside.
Introduction
...
The liveris highlyinvolvedin metabolicfunc-
tionsandisfrequentlyatargetforagreatnumber
of toxicants.Manystudieshaveshownthatreac-
tiveoxygenspeciesarerelatedtotheetiologyof
degenerativediseases.inc1udingsomehepatopa-
thies[1J. [2J.Carbontetrachloride(CCl4)is fre-
quentlyusedasa chemicalinducerof experi-
mentallivercirrhosis.Thistoxicagentelicitsliver
damagebyformingreactiveintermediates,such
as trichloromethylfreeradicais,viacytochrome
P450-relatedfunctionsin the oxidasesystem
[3J. The maincausesof CCl4-inducedhepatic
damageare relatedto lipid peroxidation,de-
creasedactivitiesof antioxidantenzymes,and
generationof freeradicaiscausedby thisagent
[2J.
Theantioxidantactivityis an importantwayof
providingprotectionagainsthepaticdamage.
and a numberof phenolmoleculeshavebeen
showntopossesshepatoprotectivepropertiesby
improvingthe liver'santioxidantstatus[4J. A
recentreport[5]showedthattheextractof
PolygonumaviculareL, aspeciesrichinphenols
inc1udingflavonoids.presentsa potentantioxi-
danteffect.probablyrelatedto itshighcontent
ofphenols.
AmburanacearensisbelongstotheFabaceaefam-
ily andis amedicinalplantusedinnortheastern
Brazilinthetreatmentofrespiratorydiseases,in-
c1udingasthma[6J.Phytochemicalstudiesof its
trunkbarkallowedtheisolationofseveralcom-
pounds,suchas3,4-dihydroxybenzoicacid(pro-
tocatechuicacid),a mixtureofglucosylated/3-si-
tosterol andstigmasterol.coumarin.fourflavo-
noids(isokaempferide.kaempferol.afrormosin
and 4'-methoxyfisetin)and the phenolgluco-
sides.amburosidesA andB (AMB.O Fig.1) [7J.
[8J.
In a previoustudy[9J.we showedthatthehy-
droalcoholicextract,coumarin,anda flavonoid
fraction(withisokaempferideasitsmainconstit-
uent)fromA. cearensishaveanti-inflammatory
activitiesandareableto relaxtheisolatedguin-
ea-pigtrachealsmoothmusc1e.Furthermore.we
recently[10Jdemonstratedthattherelaxantef-
fectofisokaempferideoccursthroughseveralin-
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Ag. 1 Chemicalstructureof amburosideA (AMB)isolatedfromthetrunk
barkofAmburonacearensisA. C.Smith.
tracellularactions,~avingacommonpathwaysuchastheopen-
ingofCa++andATP-sensitiveK+channels.
Inaddition,AMBhasbeenshowntopossessantimalarialctivity
againstPlasmodiumbergheiandnocytotoxicityagainstumor
cellstinesorseaurchineggs[8],[11].Wealsoshowed[12]that
AMB hasa significantneuroprotectiveeffecton rat mesence-
phaliccellculturesexposedtotheneurotoxicagent,6-hydroxy-
dopamine.Thus,theobjectiveofthepresentworkwastoexpand
our previousfindingsby evaluatingwhetherAMB possesses
hepatoprotectiveactivityin themodelofCCl4-inducedhepato-
toxicityin rats.Forthat,we measuredliverenzymes(ASfand
ALT),thiobarbituricacidreactivesubstances(TBARS),reduced
glutathionelevels(GSH)andcatalaseactivity.Besides,liverhis-
tologicalanalyseswerealsocarriedout
Materiais andMethods
T
Chemicals
Carbontetrachloride,hydrogenperoxide,sulfhydrylreagent
[5,5'-dithio-bis(2-nitrobenzoica id))(DTNB),2-thiobarbituric
acid,vitaminEandothereagentswerepurchasedfromSigma
Chemicalcompany,USA.Diagnostickitsforassayingalanine
aminotransferase(ALT),andaspartateaminotransferase(ASf)
werefromLabtest,Brazil.Ali otherdrugswereof analytical
grade.
Plant materialand isolation of amburosideA
TrunkbarksfromA cearensiswerecollectedattheQuixeramo-
bim area,CearáState,in Fhe Braziliannortheasternregion.
Voucherspecimens(nos.837and847)weredepositedat the
PriscoBezerraHerbariumof the FederalUniversityof Ceará
(UFe),Fortaleza,BrazilandwereauthenticatedbyDr.AfrânioG.
Fernandes,Departmentof Biology,UFC.The powderedtrunk
bark(3.4kg)wasusedfortheisolationofamburosideA (AMB,
1.02g)(O Rg.1),accordingtothemethoddescribedbyCanuto
andSilveira[7].Thest!"Ucturewasdeterminedbyspectroscopy,
includingone-andtwo-dimensionalNMRtechniques,uchas
COSY,HMBCandHMQC,physicalpropertiesdetermination,and
comparisonwithdatafromliterature[8].
The purityof AMB (97.3%)was measuredby HPLCanalysis,
basedon therelativeareaof thetargetpeakat fivedifferent
wavelengths(220,254,328,387and540nm).HPLCanalysis
wasperformedonaWaters1525chromatograph,rheodynein-
jector(5}lLloop)andphotodiode-arraydetector(Waters-2996
PDA),utilizinga WatersX-TerraRP-18column(250x4.6mm,
5}lm).Themobilephasewaspreparedfromanaqueousolution
of H3P04/Et3N(pH 3.0)andHPLC-gradeMeOH,at a gradient
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mode(15mintotalruntime)varyingfrom20to50%ofthelat-
ter,andat a flowrateof1.0mL/min.AMBwasdissolvedin an
aqueousolutioncontaining4%Tween80.
Animais
MaleWistarrats(200g)fromtheAnimalHouseof theFederal
UniversityofCearáweremaintainedat22:!:2.C,12h light-12h
darkcycle,andfedwithastandardiet(fromPurina,Brazil)and
tapwateradlibitum.Experimentswereperformedaccordingto
theGuideofCareandUseofLaboratoryAnimaisfromtheEuro-
peanCommunity.Themanuscriptprotocolusedto investigate
thepharmacologicalpropertiesofamburosideA,inrats,wasap-
provedbyourInstitutionalEthicsCommittee.
CCl4-inducedliver injury in vivo
Ratswerepretreatedwith vehicle(aqueoussolutionof 4%
Tween80),AMBorvitaminE before(30or60minfor i.p.and
p.o.administrations,respectively)and24h aftercarbontetra-
chloride(50%CCI4/0liveoil,0.5mL/kg,s.c.)administration.Ani-
maisweredividedintosixgroups:(1)negativecontrol(vehicle),
(2) CCI4plusvehicle,(3)AMB (25mg/kg,i.p.)plusCCI4treat-
ment,(4) AMB (50mg/kg,i.p.)plusCCl4treatment,(5) AMB
(50mg/kg,p.o.)plusCCI4treatmentand(6)vitaminE (250mgl
kg,p.o.)plusCCI4treatment.Alianimaiswereanesthetizedwith
ether,andthebloodwascollectedfromtheorbicularplexusin
tubescontainingheparin48h afterCCI4administration(thatis
24hafterthe2nddrugadministration).Animaisweresacrificed,
andliversweredissectedandutilizedforbiochemicalnalyses.
Determinationofserumtransaminasesactivities
ASfandALTactivitiesintheratserumofaligroupsweremeas-
uredaccordingtothemanufacturer'sinstructions.
Measurementof malondialdehyde
Thetiverwashomogenizedin 10vol.ofice-cold1.15%KCI.The
malondialdehyde(MDA)formationin liverhomogenateswas
determinedbyquantificationofthiobarbituricacidreactivesub-
stances(TBARS),usingthemethodofBuegeandAust[13]stight-
Iy modified.Thereactionmixture(0.5mLtissuehomogenate,
0.9mL of 50mM phosphatebuffer - pH 7.4and 0.5mL of the
chemicalsystemgeneratiQgfreeradicais- 0.01mMFeS04plus
0.1mMascorbicacid)wasincubatedat37.Cfor30minoThere-
actionwasterminatedbyadding1mLof10%(wIv)trichloroace-
ticacid(TCA)tothemixturethatwascentrifugedat8.000xgfor
10min.Supernatantswereincubatedwith 1mLof 0.8%(w/v)
thiobarbituricacidat100.Cfor15min,andafteracoolingperi-
odTBARScontentswerespectrophotometricallydeterminedat
532nmusingMDAasthestandard.
Determinationof the reducedglutathionecontent
L-r-Glutamyl-L-cysteinyl-glycine(GSH)levelsweredetermined
by themethodof Ellmanet aI.(14].Liverswerehomogenized
(400}lL)in 1:10volumesof0.02M EDTAfollowedbytheaddi-
tionof 10%TCA.in ordertoprecipitatetheproteincontentsof
homogenates.Aftercentrifugationfor 15minat4.C,theDTNB
solution(Ellman'sreagent)wasaddedtothesupernatants,and
theabsorbancewasmeasuredat412nm.Differentconcentra-
tionsofastandardGSHsolution(1mg/mL)ÍNereusedtocalcu-
lateGSHcontents,andresultswereexpressedas}lg/mgprotein.
The proteinconcentrationwasmeasuredby the Lowryet aI.
method(15).
,Catalaseassay
ThemethodofAebi[16]wasusedandconsistedin measuring
thechangesinabsorbanceofasolutionof10mMH202inphos-
phatebuffer,pH7.0.Thedecreaseinabsorbanceperunittimeis
ameasureofcatalaseactivity.Thetiverhomogenate(20JLL)was
addedtothecuvettecontaining980JLLofthesubstratemixture
(0.30mL of hydrogenperoxidein 50mLof 0.05M phosphate
buffer,pH7.0).After1min,theinitialabsorbancewasrecorded,
andthefinalabsorbancewasreadafter6min.Thereactionwas
followedat230nm,andtheresultsexpressedasmmol/min/mg
protein.TheproteinconcentrationwasmeasuredbytheLowry
etaI.method[15].
Liver histology
Ratsweresacrificed,tiversquicklydissectedandthepiecesim-
mediatelyfixedinsodiumphosphatebuffered10%formatin(pH
704).Pieceswerethenplacedin70%a1cohol,followedby80,90
and100%a1coholsolutions.Then,piecesweretransferredtoxy-
Iene,embeddedinparaffin,and5JLmsectionswerepreparedfor
stainingwithheamatoxylin-eosin[17].
Statistic~1analysis
Resultswere expressedas mean1:SEM. Differencesamong
groupsweredeterminedbyone-Wayanalysisofvariance(AN-
OVA),followedbyTukeyformultiplecomparisons,asaposthoc
testoThesignificancel veIwassetatp<0.05.
Results
...
O Table1 showsthat,afterCCI4administration,both serum
transaminasesweremarkedlyincreasedby2.6-and2.5-fold,re-
spectively(CCI4,ALT:89.81:5.5;AST:137.91:6.1VIL),as com-
paredto thecontrol(ALT:33.51:3.5VIL; AST:54.51:2.5VIL).
AMBtreatment(25and50mg/kg,i.p.),in thepresenceofCCl4,
significantlyreducedthe activitiesof ALTby 28%(AMB25+
CCl4:53.3H.9; AMB50+CCl4:36.31:4.8VIL)andthoseofAST
by 59%(AMB25+CCl4:103.81:7.9;AMB50+CCI4:80.91:6.7VI
L), if comparedto theCCI4group.The oral administrationof
AMB(50mg/kg)orvitaminE (250mg/kg)causedinhibitionsof
40%inbothenzymes. .
O Fig.2showstheeffectofAMBonTBARSformation(expressed
asmmolMDA/mgprotein),asaparameteroftiverperoxidation.
AfterCCI4administration,TBARScontentsin thetiverhomoge-
natewereincreasedbyar.ound2A-foldin CCl4-intoxicatedrats
(10.21:0.5),ascomparedtocontrols(4.21:0.2).Theintraperito-
nealororaladministrationofAMB,atthedosesof25(6041:1.0)
and50mg/kg(7.81:0.3),respectively,reducedsignificantlythe
formationof TBARSin liverhomogenatesin CCl4-intoxicated
rats. In addition,AMB (4.81:0.5) at the doseof 50mg/kg,
i.p.markedlyreducedTBARSformation,whosevaluesretumed
to normallevels.VitaminE alsoprotectedagainstCCI4-hepato-
toxicity,andvaluesweredosetothoseofcontrols(5.61:0.7).
O Fig.3showschangesin reducedglutathionelevels(GSH)in
tivertissuesofCCl4-intoxicatedrats.HepaticGSHlevels(JLg(mg
protein)significantlydecreasedfrom10041:0.6in thecontrol
group(withoutCCl4treatment)to 5.71:0.2in theCCl4-treated
group.ThedecreasedGSHlevelsobservedafterCCI4treatment
werealmostcompletelyrestoredtonormalvaluesbyintraperi-
toneal(25and50mg/kg)ororal(50mg/kg)administrationsof
AMB,respectively(i.p.:AMB25+CCI4:8.2:!:0.5;AMB50+CCl4:
8.7 :!:DA; p.o.:AMB50+CCI4:9.6 :!:004).The effectof AMB
(50mg/kg,p.o.)wascomparabletothatofthestandardvitamin
E(10.61:0.8).
The tiver catalaseactivity(nmol/min/mgprotein)was
76.71:8.25in thecontrolgroup(OFig.4),andincreasedto
156.51:14.8in CCl4-intoxicatedrats(CCl4group).AMB(25and
50mg/kg,i.p.)inthepresenceofCCI4significantly(p<0.001)re-
ducedtheenzymeactivity(AMB50+CCI4:75.01:10.2),indicat-
ing a hepatoprotectiveeffect.No significanteffectwas seen
withAMB,atthelowerdose.In addition,bothAMB(50mg/kg,
i.p.)andvitaminErestoredtheenzymaticactivitytonormallev-
eIs.TheoraladministrationofAMB,atthedoseof50mg/kg,also
partiallyrestoredcatalaseactivity,althoughtheeffectwasless
pronouncedthanthatafAMBat50mg/kg,i.p.
Liversectionsfromcontrol,CCl4-treated,AMB+CCl4(25and
50mg/kg)andvitaminE (250mg/kg)groupsarepresentedin
O Fig.5.TheresultsshowthatCCI4producedconsiderablene-
crosisanddegenerationof tivercellsaroundthecentrallobule,
Table1 Effects of amburoside A (AMB) from Amburana cearensison serum
AST and AlT levels in CCl4-intoxicated rats
j ~~ ~,- ~'; - 11 ., -"~_O" p. ,':'....
Group ~'»· .. AST(U)q' ~ -\~l~U/L) '"., o;:~ _ ~ ... ... iIP oiJO:I_m .. mo _
Control 54.5:1:2.5 33.5:1:3.5
CCI4 137.9:1:6.la 89.8:1:5.5a
AMB25mg/kg,i.p.+CCI4 103.8:I:7.9b 53.3:I:4.9b
AMB50mg/kg,i.p.+CCI4 80.9:1:6.7b 36.3:I:4.8b
AMB50mg/kg,p.o.+CCI4 77.5:1:6.0b 49.2:1:7.3b
VitaminE250mg/kg, 82.3:I:7.4b 46.0:I:5.0b
p.o.+CCI4
CCI.,intoxicatedratsweretreatedwithvehicleorAMB(25and50mg/kg),
30minbeforeand24afterCCI.administration.TheASTandAlTlevelswere
measuredinheparinizedplasmaobtained48hafterCCI4administration.
Valuesareexpressedasmeans..S.E.M.avscontrol(withoutCCI.treatment);
bvsCCI.(p<0,05,ANOVAandTukey,astheposthoctest).
Ag. 2 Effects of AMB on hepatic lipid peroxidation in CCI4,intoxicated
rats. Animais were treated with AMB (25 and 50 mg/kg, i.p.; 50 mg/kg,
p.o.)orvitaminE(250mg/kg, p.o.),beforeand24h afterCCI4adminis-
tration. They were sacrificed 48 h after CCl4 (that is, 24 h after the 2nddrug
administration). The content of malondialdehyde (MOA) formation in the
liver homogenate was determined by the quantification of thiobarbituric
acidreactivesubstances(TBARS). Valuesareexpressedasmeans:l:S.E.M.
a vs.controlgroup(withoutCCI4treatment);b vs.CCl4-treatedgroup (p<
0.05, ANOVA and Tukey as the post hoc test).
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Ag.3 Effectsof AMB on hepaticreducedglutathione(GSH) levelsin
((14-intoxicated rats. Animais were treated with AMB (25 and 50 mg/kg,
i.p.; 50 mg/kg, p. o.) or vitamin E (250 mg/kg, p.o.), before and 24 after
((14 administration. They were sacrificed 48 h after ((14 (that is, 24 h after
the 2nddrug administration). GSH contents were determined by the DTNB
conjugation method. Values are expressed as means:t S.E.M. a vs. control
group(without((14treatment);b vs.((14group(p<0.05,ANOVA and
Tukey as the post hoc test).
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Ag.4 Effectsof AMBon hepaticcatalaseactivityin(Cl4'intoxicatedrats.
AnimaisweretreatedwithAMB(25and50mg/kg,i.p.;50mg/kg,p.o.)or
vitaminE(250mg/kg,p:o.),beforeand24hafter((14administration.
Theyweresacrificed48h after((14(thatis,24hafterthe2nddrugad-
ministration).(atalaseactivitywasdeterminedaccordingto Aebi[16).
Valuesareexpressedasmeans:tS.E.M.avs.controlgroup(without((1,\
treatment);b vs.((14group;c vs.AMB 25group(p<0.05,ANOVAand
Tukeyastheposthoctest).
ir
.i
j
aswellassignificantincreasesinserumtransaminasesactivities
(O Table1).ascomparedtocontrols.Infiltrationofinflammato-
ry cellswasalsofoundin CCl4-intoxicatedrats.On theother
hand,thedamagewassignificantlysmallin ratstreatedwith
,i] FonsecaFNetaI. ProtectiveEffectsofnoPlantaMed2008;74:497-502
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Fig.5 Effects of amburoside A (AMB) on hepatic morphological analysis,
after ((14 administration, in rats. Animais were treated .with AMB (25 and
50 mg/kg, i.p.; 50 mg/kg, p. o.) or vitamin E (250 mg/kg, p. o.) before and
.24 h after ((14 administration. They were sacrificed 48 h after ((14 (that is,
24h afterthe2nddrug administration).liver sectionswerestainedwith
hematoxylin-eosin by standard techniques for photomicrographies (x40).
Figure (A) is from a normal rat without ((14 treatment; Figure (B) is from a
rat treated with ((14 only. Representative Figures (e) and (D) are from rats
treated with vitamin E (250mg/kg, p.o.) and AMB (50 mg/kg, p.o), re-
spectively.
AMB.priorandafterCCI4administration.Furthermore,vitamin
E alsomarkedlyreducedthealterationsinacuteCCl4-mediated
liverdamage.
Discussion
~
In thepresentwork,AMB (4-(O-j3-D-glycopyranosylbenzylpro-
tocatechoate),isolatedfromAmburanacearensis,administered
byoralor intraperitonealroutesexhibitedhepatoprotectiveac-
tivityagainstCCl4-inducedhepatotoxicityinrats.AMBis aphe-
nol glucosidea~doneof thebioactivecomponentspresentin
thisBrazilianmedicinalplant,popularlyusedforthetreatment
of respiratorytractaffections.
Polyphenolshavebeenshowntobemoreeffectiveantioxidants
in vitrothantocopherolsandascorbate.Antioxidantproperties
of polyphenolsarisefromtheirhighreactivityashydrogenor
electrondonors.fromtheabilityofpolyphenol-derivedradicaIs
to stabilizeunpairedelectronsandto chelatetransitionmetal
ions.AnothermechanismunderIyingtheantioxidativeproper-
tiesof phenolsis theabilityof flavonoidsto alterperoxidation
kineticsby modifyingthe lipid packingorderanddecreasing
membranesfluidity(18).Recently,PandandKar(191demon-
stratedthatapigenin(4',5,7-trihydroxyflavone)hasthepotential
to regulatediabetesmellitus.aswellasthisdisease-induced
thyroidysftinctiona dlipidperoxidationinmice. .
In theliver,thefirstcellsto bedamagedby CCI4throughthe
CCl4-derivedandhighlyreactivefreeradicalmetabolitetrichlor-
omethylCCI3arethoseinthecentrilobularregionwhereenzyme
activitiesarethegreatest[20).Kupffercells,themajorcompo-
nentof the hepaticsinusoid,andmacrophagessensitizedto
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LCCI4intoxicationreleasepro-inflammatorycytokines,suchas
thetumornecrosisfactoralpha(TNF-alpha).Theexpressionof
cytokinesoccursthroughNF-1CBactivationduringhepatocellular
injuryin theacuteCCl4-mediatedliverdamage[21].
In thepresentstudy,activitiesofthehepatictransaminases(ALT
andAST)weremarkedlyelevatedafterCCI4administrationin
theratserum,andAMBsignificantlyreducedtheseeffects.The
assessmentofhepatictransaminasesi theeasiestmethodfor
estimatingliverdamage.Necrosisormembranedamagerelease
theseenzymesintocirculation.ASTis presentin theliver,heart,
muscle,kidneyandbrainwhereasALTismorespecifictotheliv-
er.OurresultssuggestthatAMBhasa hepatoprotectiveactivity
in CCl4-intoxicatedrats,andthisAMBactionwascorroborated
byhistologicaldata.Thus,CCl4-treatmentcausedmassivehisto-
pathologicalcl1tmgessuchasnecrosis,congestedvessels,multi-
focalareasoffattychanges,nucleardisintegration,sinusoidaldi-
lation,andKupffercellshyperplasia.Preventionoftheseevents
canbeconsideredasahepatoprotectiveactivity.
Thelipid peroxidativedegradationof biomembranesi oneof
themaincausesofCCl4toxicity.Lipidperoxidationalsoleadsto
a wide rangeof cytotoxicproducts(suchasmalondialdehyde
and4-hydroxynonenal),inhibitingproteinsynthesisandtheac-
tivitiesof certainenzymes[22].Ourresults,usingthemodelof
CCl4-inducedhepatotoxicityin rats,demonstratedthatAMB
causedsignificantdecreasesinTBARSlevelswhencomparedto
thegrouptreatedwithCCl4only.TheseresultsindicatethatAMB
protectslivertissuesagainstlipidperoxidation.
Biologicalsystemsdefendthemselvesagainsthedamagingef-
fectsofreactiveoxygenspecies(ROS)byseveralmeans,includ-
ing freeradicalscavengersandchainreactionterminators,en-
zymessuchassuperoxidedismutase,catalase,andglutathione
peroxidase(GPx)systems[23].Theadministrationof CCl4in-
duceda significantincreasein thecatalaseactivitywhencom-
paredtothecontrolgroup.A significantreversalof thischange
towardsnormalvalueswasobservedaftertheadministrationof
AMBorvitaminE usedasstandardwhencomparedtotheCCl4
treatedgroupalone.
RohrdanzetaI.[24]reportedthatcatalaseactivityandrnRNAex-
pressionwereinducedinhepatocytesaftertheirexposuretohy-
drogenperoxide.lnaddition,Szymonik-Lesiukc::taI.[25]showed
thatcatalaseactivityin theliverwassignificantlyincreasedat
24and72h afterCCl4intoxication.Thus,increasedcatalaseac-
tivity in CCl4-intoxicatedrats,demonstratedin the present
study,maybeexplainedbytheincreasein theenzymeexpres-
sioncausedbytheaccumulationofROSintheliverasobserved
byothers[26].Wecanthenassumethatthereductionofcata-
IaseactivitybyAMBmaybeaconsequenceofitsantioxidantef-
fect.
Glutathioneisaubiquitous,non-essentialsulfhydrylaminoacid
andanantioxidantthiolthatplaysacrucialroleinmaintaining
redoxequilibriumandestablishingmechanismsof cellularde-
fenseseenduringoxidativestress[27].Inourstudy,CCI4admin-
istrationcausedasignificantreductionofGSHin theliverthat
wasalmostcompletelyreversedbyAMB.ThedepletionofGSH
in theCCI4groupmaybeexplainedbytheincreasedutilization
ofGSHrequiredfortheremovalofROSandlipiddamagedprod-
ucts.Otherwise,decreasesof ROSproductionin theAMB pre-
treatedgroupsmayreducethe consumptionof GSHfor ROS
scavenger.
GaiatoetaI.[28]investigatedtheantioxidantcapacityofphenols
andrelatedcompoundsandobservedthatthegreaterthenumber
of hydroxylslinkedto thearomaticring,thegreateris theanti-
oxidantactivityof thecompounds.Thus,it is possiblethathy-
droxylgroups,presentin theAMBmoleculearomaticring,con-
tributetothedrugantioxidantactivity.
Ourdatasuggesthatthehepatoprotectiveactivityof AMB in
CCl4-inducedliverinjuryis relatedtoitsantioxidativeproperty
anditsabilitytoscavengefreeradicaisinvolvedwithCCI4-medi-
atedlipidperoxidation.Ina previoustudy[12],weshowedan
antioxidantactivityofAMB onratmesencephaliccel!cultures
aftertheirexposureto6-0HDA.Inhibitionof cytochromeP450
(CYP2E1)wasalsoreportedtoaccountforthehepatoprotective
actionsreportedforsomecompounds[29].However,determin-
ingwhetherAMBis a cytochromeP450inhibitorstill requires
furtherinvestigation.
In the presentstudy,we showedthatAMB,especial!yat the
higherdose,possesseshepatoprotectivepropertiesin theCCI4-
inducedlivertoxicitymodelin rats.Theseeffectsmaybedue,
at leastinpart,toareductioninhepaticperoxidativeactivities,
aswellasbyasignificantrestorationtonormallevelsofthecat-
alaseactivityandGSHcontentsobservedinCCl4-intoxicatedrats
afterAMBtreatment.Theseeffectsareprobablyrelatedto the
presenceofhydroxylgroupsintheAMBphenolstructure,aspre-
viouslydemonstratedto occurwith othernaturalphenols[5].
Finally,theobservedhepatoprotectiveactionof AMB fromA.
cearensismaybejustified,at leastin part,by its antioxidant
property[12].Otherplantglucosidesarealsoknowntodecrease
ALT,AST,lipidperoxidation,andnitritelevelsin ratseruminthe
CCl4-inducedhepatotoxicitymodel[30].
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